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Chromatography is a ubiquitous technique in analytical chemistry, and high-performance liquid 
chromatography (HPLC) is the industry standard for quantitation of components in solution mixtures. 
However, demonstrating the principles of liquid chromatography to undergraduates via HPLC-based 10 
experiments often proves ineffective because of the fully automated nature of modern HPLC units. This 
paper details a novel laboratory exercise that is accessible to students in first-year chemistry and high 
school, that helps to demonstrate and demystify the principles involved in HPLC.  Using only common 
and inexpensive laboratory equipment found in most general chemistry labs (burettes and benchtop 
spectrophotometers), students are able to replicate results that are equivalent to those obtained on 15 




2 · Analytical Chemistry Lab Manual
Chromatography
Chromatography is an important technique for separating and identifying components in a so-
lution. In the case of liquid chromatography, the mobile phase, a solvent containing the analyte,
runs through the stationary phase, often silica or alumina packed in a column. Separation of
components of an analyte is achieved based on di↵ering i teractions between the components
with the mobile and stationary phase of the column. In normal phase liquid chromatography
(and TLC) the stationary phase (silica gel) is polar and the polar components will stay adsorbed
longer on the column/plate.
Thin-layer chromatography (TLC) is a useful tool for quickly identifying components in a
mixture. TLC plates usually consist of a thin layer of silica or alumina (the stationary phase)
coated on a glass or plastic plate. The analyte is “spotted” on one end of the TLC plate using a




Figure 1.2: TLC plates spotted with analyte be-
fore and after development (left and right, re-
spectively)
As the solvent travels up the TLC plate, components of the analyte will travel various
distances (Figure 1.2, right). As with column chromatography, the distance traveled depends
on the interactions of the analyte with the stationary and mobile phases. These distances can





where dcomp is the distance that the component traveled on the plate and dsolv is the total
distance traveled by the solvent front. If components of the analyte have di↵erent a nities
for the stationary phase, separation of the components will occur. When choosing the solvent
system that will be used it is important to choose the one that will lead to the greatest resolution
in the chromatogram. Two analytes are said to be resolved if they have two distinctly di↵erent
Rf values. When selecting a solvent to separate a particular mixture, choose the solvent with
the greatest di↵erences in retention factors for the components to be separated. In this lab,
various solvent systems will be tested to see which one leads to the best separation of Red 40
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SEPARATION AND QUANTIFICATION OF FD&C RED #40
Introduction
Allura Red (FD&C Red 40) and Brill ant Blue (FD&C Blue 1) re c mmon water-soluble
dyes found in a variety of foods and drinks. Some studies indicate that these dyes may cause
hyperactivity or behavioral problems in children, and many people su↵er from allergies to
artificial dyes. Because of these potential health risks, the use of both dyes in foods has been
limited and even ban ed in some countries, i cluding D nmark, Belgium, and Switzerland.
However, the FDA (Food d Drug Administration) maint ins that they are safe to consume
and has approved their use in cosmetics, drugs, and fo d in the U ited States.
 1 
LAB X 




General information about chromatography is presented in Chapter 21 (section 21-1) of Harris. 
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Figure 1. Structures of FD&C Red 40 (left) and FD&C Blue 1 (right) 
 
These artificial dyes are a part f he diet of typical Am ricans, especially children. For drinks 
such as Kool-Aid, more than one dye m  be used to provide the bright olors that appeal to 
kids. In this lab, the artificial dyes in Grape Kool-Aid will be analyzed. Its purple color comes 
from the combination of Red 40 and Blue 1. Both dyes have very intense visible spectra, which 
can be used to quantify th m. How ver, because of the overlap of the two spectra, they must be 




Chromatography is an important technique for separating and identifying components in a 
solution. In the case of liquid chromatography, the mobile phase, a solvent containing the 
analyte, runs through the stationary phase, often silica or alumina packed in a column. Separation 
of components of an analyte is achieved based on differing interactions between the components 
with the mobile and stationary phase of the column.  
 
Thin-layer chromatography (TLC) is a useful tool for quickly identifying components in a 
mixture. TLC plates usually consist of a thin layer of silica or alumina (the stationary phase) 
coated on a glass or plastic plate. The analyte is “spotted” on one end of the TLC plate using a 
Figure 1.1: Structures of FD&C Red 40 (left) and FD&C Blue
1 (right)
These artificial dyes are a part of the diet of typical Americans, especially children. For
drinks such as Kool-Aid, more than one dye may be us d o provide the bright colors that appeal
to kids. In this lab, the artificial dyes in Grape Kool-Aid will be analyzed. Its purple color
comes from the combinatio of Red 40 and Blue 1. Both yes ve very inte se visible spectra,
which can be used to quantify hem. How ver, because of the overl p of the two spectra, they
must be separated prior to quantification.
1
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INTRODUCTION 
 25 
Chromatography is one of the most important techniques in analytical chemistry--it is employed in 
almost every branch of the biological and physical sciences, with uses in the food, pharmaceutical, 
industrial, health and safety , and forensic fields, among many others. It is because of its ubiquitous 
practicality that chromatography is included in almost every introductory analytical chemistry course. 
There have been many experiments devised to teach the various types of chromatography (e.g., gas, 30 
liquid-liquid, column, thin-layer) to chemistry students using various instrumentation1, but most 
require access to instrumentation that is unavailable to courses at the introductory level or high 
school.  
 One of the most sophisticated types of chromatography is high performance liquid 
chromatography, or HPLC. In a modern HPLC instrument, a sample is injected via a robotic arm onto 35 
a thin column, through which an automated flow of mobile phase is run. The eluted solution is then 
analyzed (by refractive index or, more commonly, UV spectroscopy) in real-time -- the instrument 
records the absorbance (either at a single wavelength or a range of wavelengths) of the eluent over 
time, and automatically integrates any peaks2.   
 40 
Demystifying HPLC 
 To students, modern HPLCs are essentially viewed as “black boxes”3 that by some unseen 
process print out neatly analyzed results. While such instruments are immensely useful in analytical 
laboratories, they are both expensive and essentially useless in demonstrating the techniques and 
principles involved in chromatography.  In order for students to fully understand the processes and 45 
concepts involved, a much more hands-on and transparent approach is required.  
 One of the great benefits of the approach that is described in this paper is that it can be carried 
out using only common and inexpensive laboratory equipment (i.e.., Spec 20’s, burettes, volumetric 
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glassware) that is found in most high school and all introductory college laboratories.  Consequently, 
this experiment can be easily integrated into existing laboratory curricula without the need to 50 
purchase additional, expensive equipment.  Additionally, this experiment has been developed 
specifically to provide benefit to a wide array of students: high school students can investigate 
intermolecular forces and partitioning, while performing a forensics-like inquiry; first-year college 
students can go further and use the experiment to grasp the procedures and principles behind 
chromatographic separation, without sacrificing the level of results that are achieved versus actual 55 
HPLC; and, for schools that do not have access to LC instrumentation (such as community colleges 
and some smaller four-year colleges), analytical chemistry courses can implement this experiment to 
give students some experience with liquid chromatography. 
 Students begin by performing thin-layer chromatography4 (TLC) to select the proper solvent for 
ideal separation.  During the burette chromatography that follows, students physically collect and 60 
analyze each fraction using a standalone spectrophotometer.  In labs with house air, students use air 
to pressurize the column during elution of the Red 40.  Students then construct an elution volume 
versus absorbance “chromatogram.”  The outcome is a process that strongly mimics the inner-
workings and functionality of an HPLC, while getting experience performing real-world LC.  Students 
in this experiment will determine an optimal visible-light wavelength for making their measurements, 65 
rather than using a wavelength in the UV region of the spectrum. This departure from the norm is 
necessary because students will be studying the food dyes using benchtop visible-light 
spectrophotometers which do not function in the UV region of the spectrum.   
Another important aspect of HPLC analysis is the interpretation and analysis of the 
chromatograms that are generated.  In this experiment students will compare the two approaches: 70 
peak height and chromatogram integration of absorbance over all the peaks collected. In many 
instruments this integration is performed automatically, which essentially eliminates manual data 
analysis. While convenient for the user, the automatic analysis of the chromatograms does not allow 
students to understand the calculations involved in arriving at a final instrument response value. In 
this experiment, students use Excel to perform peak integration of the collected absorbance values, 75 
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and compare the accuracy of different manual integration techniques as well as using the maximum 
peak height, another method that is sometimes used. 
 ‘Low-tech’ analogy designed to produce equivalent of ‘high-tech’ results 
 
The experiment described in this paper serves to not only demonstrate the entire process of HPLC, 80 
but to achieve HPLC-quality results without necessitating the use of sophisticated and expensive 
equipment. The necessary equipment for this alternative method is not only common and relatively 
inexpensive, but it allows students to attain applicable knowledge about the methods and processes of 
chromatography. 
 In this experiment, students work to isolate and quantify Red dye 40 from a commercially 85 
available Grape-flavored drink mix containing Red 40 and Blue 1. While other experiments have been 
proposed concerning the analysis of food dyes in drink mix5,6, they have either relied on mathematical 
methods of peak deconvolution or on HPLC instrumentation to quantify the amount of specified dyes 
in the sample.  This article describes the development of the students’ procedure and presents data 




Organic solvents (isopropanol and hexanes) are highly flammable and must be stored in the fume hood 
away from naked flames or other ignition sources. Hexanes has a significant level of neurotoxicity. 95 
Care should be given when handling and disposing.  Sodium hydroxide (NaOH) solutions are corrosive, 
toxic, and can cause burns.  Students must be careful not to ingest or inhale the chemicals, and they 
should be careful to avoid contact with eyes, skin, or clothing.  Students should wear personal 
protective equipment at all times during the experiment, and should be very careful when handling 
glass wool.  Instructors may want to perform this part of the experiment for their students. 100 
 If students use house air to pressurize their columns, it is important that they first start by 
testing the air to make sure that the flow is low.  Otherwise, there may be a build-up of pressure in the 
column, which can be dangerous.  The use of pressurized air is not essential to the experiment. 
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All organic waste must be disposed of in specially-marked waste containers. All aqueous 
solutions that have been contaminated with organic solvents are added to the same waste container as 105 
was designated for organic waste. Non-organic waste should be segregated into the labeled non-
organic waste container.  
EXPERIMENTAL METHODS 
 
In the first part of the experiment, students use thin-layer chromatography (TLC) to investigate 110 
partitioning with different solvents and pick the appropriate solvent system for the liquid 
chromatography.  In the second part of the experiment, the students prepare a silica-gel column in a 
burette and perform liquid chromatography in which fractions are collected and analyzed by visible-
light spectrophotometry.   
This experiment provides a substantial degree of flexibility for instructors to pick and choose the 115 
different parts that suit their courses and time constraints.  The main component of the experiment – 
burette chromatography – only requires that student pairs have access to a burette and a visible-light 
spectrophotometer, such as a Spectronic 200 or Spec20d.  The full experiment, including both the 
qualitative TLC work and quantitative burette chromatography, can easily be performed over the 
course of two (3-hour) laboratory sections: students perform the TLC and prepare their solutions 120 
during the first lab period, and they perform the liquid chromatography in the second.  Alternatively, if 
only one lab period is available, the first part of the experiment (TLC) can be effectively replaced by 
directing the students about which solvent system to use in the burette chromatography. 
 
Thin-layer chromatography of food dye samples 125 
 
Thin-layer chromatography (TLC) is used to give students an opportunity to investigate different 
possible mobile phases for the subsequent burette chromatography, which will only be run with a 
single solvent system for expedience. Students prepare a dilute sample of Grape flavored powder drink 
(containing Red 40 and Blue 1) by dissolving 0.2 g of powder in 1 mL of deionized water.  This solution 130 
is then spotted onto a silica gel TLC plate and developed in each of six mobile phases: water, 30% 
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isopropanol/water, 70% ispropanol/water, hexanes, and 0.1% w/w NaCl in water.  A complete list of 
materials for this portion of the experiment is presented in Table 1. 





where ddye is the distance traveled by the component dye and dsolvent is the distance that the solvent 
traveled.  The students also measure the width (top-bottom) of the component spots, wspot, and the 





where wavg is the average width of the component spots.  The mobile phase that leads to the greatest 140 
resolution is selected for the burette chromatography. 
 
Table 1. Materials for TLC of drink mixes   
Material Per group 
Grape drink mix containing Red 40 (between 
0.02 and 0.10%) and Blue 1 
0.2 g 
TLC plates (3×6 cm) 5 
Mobile phases 10 mL each 
Capillary tube for spotting 2 
Developing jar (or large beaker with lid) 1 
 
Preparing chemicals and equipment for burette chromatography 
 145 
This portion of the experiment can either be performed by the students during the same lab period as 
the qualitative TLC work, or can be done by instructors prior to the burette chromatography.  The 
complete list of materials for this portion of the experiment is presented in Table 2. 
 Students begin by preparing the solutions of Red-40 dye that they will use in the burette 
chromatography.  A 2.5 mM stock solution of Red-40 dye (Allura Red AC) is prepared in the mobile 150 
phase that is selected by the students (0.1% w/w NaCl in water).  A series of dilute standards (between 
0.1 and 0.5 mM) are prepared from the stock solution, and are stored in the dark until they are used 
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in the burette chromatography.  A stability study has shown that these solutions can be stored in the 
dark at room temperature without decomposition over a week (see Supporting Information). 
 The burette chromatography apparatus is constructed by first plugging the bottom of a 50-mL 155 
burette with a small piece of glass wool and then replacing the stopcock. A slurry of silica gel 
(approximately 3 g in 10 mL of 0.1% NaCl) is added to the column, and the solvent is allowed to drain 
until the silica has settled. A small layer of sand, approximately 0.5 cm in height, is added on top of 
the silica gel column in order to minimize disruption of the column when sample and elution buffer 
are added.  The solvent is then allowed to drain until just above the level of the sand, and the burette 160 
is covered with Parafilm.  The burette column can then be stored until the start of the lab period when 
it is needed (up to a week later). 
 Finally, students need to prepare for detection of their sample with a visible-light 
spectrophotometer.  If students have access to an instrument that can scan the visible-light spectrum 
(such as a Spectronic 200), they are directed to locate λmax for themselves.  Otherwise, if students only 165 
have access to single-wavelength instruments (such as a Spec20d or Vernier Spectrophotometer), the 
instructor provides the appropriate wavelength to use for detection (500 nm).   
Depending on the instrument, and the type of cuvette that will be used, students will also need 
to determine the minimum fraction volume that will be collected.  To determine the minimum sample 
volume needed for analysis with a Spectronic 200 and semi-micro cuvettes, students add 100 µL of 170 
their dilute red-40 to an empty cuvette and record the spectrum. They continue to add 100 µL aliquots 
until the absorbance at λmax stops changing (typically, 200 or 300 µL).  If students do not have access 
to semi-micro cuvettes, or they are using a Spec20d with test-tubes, then they will require significantly 
larger volumes.  In either of these cases, students should add 0.5 mL aliquots. Once the readings stop 
changing, a final 0.5 mL aliquot is added and the volume level in the “cuvette” is marked with a 175 
permanent marker.  Students will dilute their aliquots to this line with mobile phase, and mix the 
contents with their gloved-finger, during data collection.  Both of these protocols have been followed by 
students performing this experiment, and no significant difference in concentration of Red 40 has been 
detected (detailed analysis is included in the Supporting Information). 
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 180 
Burette chromatography of standards and drink mix samples 
 
 Students use their prepared burettes with silica gel columns for the chromatography.  Unlike 
traditional HPLC instruments that record chromatograms as instrument response versus time, 
students will collect fractions at equal volume increments and plot them against the visible-light 185 
absorbance recorded on a stand-alone visible-light spectrophotometer.  In this way, students are able 
to mimic the function of the HPLC while developing an understanding of how the HPLC instrument 
functions – separation followed by detection.  Spectrophotometers are allowed to warm up according to 
the manufacturer’s instructions, and then blanked with mobile phase in the cuvette that the students 
prepared in the previous part of the experiment. 190 
 A column is run by loading a 1-mL sample of standard or unknown to the top of the column 
using a volumetric pipette.  The stopcock is opened and solution is allowed to drain until the solvent 
line reaches the bottom of the sand layer.  Make sure that the sample has been completely loaded onto 
the silica gel portion of the column before adding mobile phase.  Otherwise, the mobile phase will 
dilute the sample and cause broadening of the chromatogram.  195 
With the stopcock closed, a 15-20 mL aliquot of mobile phase is then carefully added to the 
column without disrupting the sand or silica gel. At this point, students using air to pressurize the 
column should test the air and find a low flow setting that is appropriate.  When they are ready to 
start eluting the Red 40 from the column, the air hose is placed at the top of the column to push 
mobile phase through the column.  The use of the air to pressurize the column is not essential to the 200 
success of the experiment, and this can be omitted in labs that do not have house air or by instructors 
that are concerned about air use.  
At this point the stopcock is reopened and elution begins.  Students do not collect fractions 
until the first component (Red 40) reaches near the bottom of the column.  For students using semi-
micro cuvettes, fractions are collected directly into the cuvette at equal volumes corresponding to the 205 
volume they determined in the previous part of the experiment.  The absorbances of these fractions 
are measured at λmax in the benchtop spectrophotometer next to their burette.  For students that are 
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using test-tubes as cuvettes, 0.5 mL fractions are collected directly into the cuvette that they prepared 
in the previous part of the experiment, and the fraction is diluted to the marked minimum volume line 
using mobile phase.  A gloved finger can be used to gently mix the contents of the cuvette before the 210 
absorbance is measured.  
Students continue collecting fractions at equal volumes until no remaining Red 40 signal is 
detected at λmax. It is worthwhile to note that some of the more common benchtop instruments have a 
tendency to ‘drift’ – meaning that the empty cell absorbance will change over time.  If students notice 
substantial drift they should re-blank the instrument.  Once collection has ceased, students add 5 mL 215 
of solvent and flush the column, stopping when the solvent level is just above the sand. 
The same column can be used for all trials of the experiment.  There is no need to remove the 
Blue 1 component from the column, unless it starts to significantly elute on its own; it that happens, a 
dilute solution of NaOH can be used to elute it fully and then the column is flushed liberally with 
mobile phase.  Here again, use of air pressure from compressed air lines in the lab can be used to 220 
speed up flushing the column.  While this is certainly not necessary for the experiment, it can be 
useful if more trials are desired. 
 
Table 2. Materials for Burette Chromatography 
Material Per group 
Grape flavored drink mix containing Red 40 and Blue 1 2.0 g 
Allura Red AC (Red 40, CAS # 25956-17-6) 1.0 g 
50-mL burette with removable stopcock 1 
Glass wool Small plug 
Sand 2 g 
Silica gel 4 g 
Mobile phase (0.1% w/w NaCl in water) 500 mL 
Semi-micro cuvette (or small test-tube*) 1 
Permanent marker* - 
Glassware for dilutions and transfer - 
Spectronic 200 (or other benchtop visible-light 
spectrophotometer*) 
1 
 *only if not using a Spectronic 200 with semi-micro cuvettes  
 225 
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DATA ANALYSIS 
 
For each trial of the burette chromatography, students prepare a volume versus instrument response 
“chromatogram” (Figure 1). 
 230 
Figure 1. A sample chromatogram of absorbance at λmax versus eluted volume for a burette column of 
a standard 0.50 mM Red 40 solution in 0.1% NaCl. The peak of the chromatogram is located near 4 
mL. 
 
 The concentration of Red 40 in each trial is then determined by either using the peak height or 235 
the integration of the chromatogram.  Peak height is the most straightforward approach and is likely 
the best choice for students in high school.  Peak integration, on the other hand, yields a substantially 
most accurate result and is more consistent with how actual HPLC instruments function.  
Furthermore, having students compute the peak integration using a Reimann sum (either using the 
trapezoidal rule or composite Simpson’s rule) also gives students the opportunity to practice their 240 
skills in Excel7 on an interesting problem that is very different from the typical spreadsheet 
calculations that they would typically perform in introductory chemistry.  Detailed instructions for the 
peak integration and analysis are provided in the complete lab procedure in the Supporting 
Information. 
 245 
RESULTS AND DISCUSSION  
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The burette chromatography of drink mixes experiment was developed for students in the intensive 
general chemistry course sequence at Boston University.  The experiment has been implemented over 
the course of several years, with student cohorts typically between 60 and 80 students.  Except for 250 
rare occasions (fewer than 3 groups of students per year), students achieve data comparable to the 
HPLC analysis of the same drink mix samples.   
Following preparation of standard Red 40 solutions and identification of the characteristic λmax 
(500 nm) for Red 40, students were instructed to record and plot “chromatograms” (absorbance vs 
eluted volume) for each of their four standard Red 40 solutions (Figure 2 shows a set of sample data 255 
for this experiment) as well as their unknown.  Qualitatively speaking, students can immediately 
discern a pattern of increasing peak height and peak area with increasing dye concentration.  
Quantitatively, students were then instructed to analyze the chromatograms in three different ways to 
establish the most effective method of quantitative analysis of the chromatograms.  
 260 
Analysis of chromatograms using peak height 
 
Students are first directed to prepare a calibration curve using the maximum peak heights of 
their chromatograms.  This approach sometimes used in introductory courses because of its relative 
simplicity – here, students are required to plot their chromatograms; rather, students use the largest 265 
absorbance value recorded for each data set.  While this method is often chosen because of the lack of 
complexity, it is notorious for introducing a significant amount of error (Table 3).   
Compared to the integration methods used (Simpson’s rule and trapezoidal rule), and the HPLC 
results, using peak height for analysis introduces a large degree of uncertainty.  Here, the percent 
relative uncertainty is more than an order of magnitude larger using peak height (27%) compared to 270 
the other methods studied (around 1% on average).   
While the percent Red-40 computed using the peak height is similar to the results obtained 
from HPLC, they are nearly 20% lower than the expected value (0.04% versus 0.06%).  The students 
thus conclude that, while the peak height of a chromatogram is certainly related to the concentration, 
it is far too inaccurate to replicate HPLC quality data. 275 
  




Table 3. Determined % by mass of Red 40 in Grape flavored mix determined 
via different analytical methods. 280 
  
Method used % Red 40 in  drink mix 
% Relative 
Uncertainty 
% Error  
(vs. HPLC) 
Simpson’s Rule 0.0590 ± 0.0003 0.5 1.2 
Trapezoidal Rule 0.0589 ± 0.0007 1.2 1.3 
Peak Height 0.0416 ± 0.0112 27 18 
HPLC 0.0604 ± 0.0011 1.8 - - - 
  
 
Accurate results using peak integration methods 
 
Having established that peak height did not give an accurate measure of the percent by mass Red-
40 in the sample, students were instructed to approximate the integral of each chromatogram using 
Reimann sums.  Numerical integration is a highly versatile analytical technique with a wide range of 285 
real-world application across the sciences, and this experiment gives students hands-on experience 
with different approximation methods.  Many students in college chemistry have either already taken 
calculus or are concurrently registered for the course, which means that these students are already 
familiar with the concept of using Reimann sums, but have likely not been able to apply them in a 
real-world scenario.  Here, students applied the so-called trapezoidal rule8 to their chromatogram 290 
data, and approximated the area under each curve by trapezoids of fixed width Δ (in this case 0.5 mL, 
the fixed volume of one fraction).  
The students’ results using trapezoidal rule integration are significantly improved compared to 
using the peak height.  The percent by mass of Red 40 computed (0.0589%, Table 3) is nearly identical 
to the results obtained from HPLC (1.2% relative difference) and just as precise.  The students 295 
conclude that using peak integration is significantly more accurate than the peak height method. 
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Figure 2. Absorbance as a function of eluted volume for each of the standard Red 40 solutions9 (A) 
and integrated absorbance as a function of concentration of Red 40 standard solutions, as analyzed by 
Simpson’s rule (B). 300 
 
 
For advanced students, Simpson’s rule integration was further explored to see if better results 
could be obtained by using a quadratic function to represent the curve segments.  Analysis by 
Simpson’s rule yielded a standard curve represented in Figure 2.  A comparison of the two integration 305 
methods indicates that the Simpon’s rule integration has yielded nominally more accurate and precise 
results compared to trapezoidal rule integration.  For both integration methods, however, it is clear 




We have demonstrated an effective, low-cost method for producing HPLC-quality chromatography 
results using laboratory equipment standard in most first-year chemistry laboratories. Using common 
materials like burettes, test tubes, and a benchtop spectrophotometer, students gain hands-on 
2 4 6 8 10 12
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experience that not only adequately reproduces the results of a sophisticated HPLC device, but 315 
demonstrates the underlying principles of chromatographic analysis in a much more tangible and 
clear manner.  In addition, this experiment allows students to compare different quantitative analysis 
methods, and perform integration of measured spectra using Excel.    
Instructors report that students completing this experiment demonstrate an understanding of 
the different components underlying chromatographic separation and quantitative analysis, rather 320 
than seeing the process as a “black-box”, which is confirmed by student performance on quizzes and 
exams.  Some of these students go on to use HPLC in end-of-semester group projects, and they 
demonstrate a thorough understanding of the components involved. 
A summary of the concepts applied by students in this experiment, which together comprise a 
broad number of important learning outcomes for first-year courses in chemistry, is presented in 325 
Table 4.  The experiment is accessible and meaningful for students taking first-year chemistry in 
college, as well as those completing a full year of chemistry in high school.  Furthermore, this method 
can be easily adapted as an inquiry-based experience in which student groups study different drinks 
containing Red 40, and compare their results with other groups.  Additionally, a variant of this 
experiment suitable for analytical chemistry courses, can further study the effectiveness of using a 330 
standard addition instead of a calibration curve.   
 
Table 4. Concepts applied in each part of the burette chromatography 
experiment 
  
Thin layer chromatography  
of food dyes 
Burette chromatography of Red-40 
standards and drink mixes 
Intermolecular forces and “like-
dissolves-like” 
Liquid chromatography for separation 
of components  
Equilibrium and partitioning Beer-Lambert law 
Solute-solvent interactions Graphing and data interpretation 
with spreadsheets 
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ASSOCIATED CONTENT 
Supporting Information 
The Supporting Information is available on the ACS Publications website at DOI: 
10.1021/acs.jchemed.XXXXXXX.  340 
Student handout: Lab Procedure (DOCX) 
Student handout for using test-tube cuvettes and spec20’s: Lab Procedure-spec20 (DOCX) 
HPLC results, stability study, and modified procedure quality tests: HPLC-Stability-
ProcedureMods-Results (DOCX) 
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